
,- -_ 
? 
1' 

I 

TECHNICAL MEMO 

TREATABILITY TEST1 NG PERFORMED 

HALLIBURTON NUS LABORATORY 

PIITSBURGH, PENNSYLVANIA 

FOR 

AT - 

~ EG&G 

, 

DECEMBER 1991 

RECEIVED 

DEC 3 0 1991 
* !  ... - r.: . i. FLATS 



'J  

i 

.. . 
! '  

! 
i ,  

n EGcG ROCKY FLATS EMD 

DEPARTMENT Form 
Record Deficiency 6.3 

ENVIRONMENTAL MANAGEMENT 

To : 

From: d- 
SUBJECT: RECEIPT INSPECTION OF THE FOLLOWING RECORD: RT - 73~1706 

This record has been inspected and was determined deficient for the reason(s1 marked below: 

0 

0 

INCOMPLETE (Pages or AttachmentsIEnclosures missing) 

INCOMPLETE DATA AVAILABLE FOR RECORD INDEXING: Record Date - Record TitleISubject 
Line - Record Receiver Name and Organization - Record Author Name and Organization - EM file 
number 

w ECO D AN ADEQUATE MICROFILM IMAGE 

cb/ OTHER (Specify): 
/ /  / 

&-3&ci3 
2tz&kx&O& 

' - 0  

LC/ceGa,- 
PLEASE TAKE APPROPRIATE ACTION URN WITH THIS FORM TO THE 
RECORDS CUSTODIAN WITHIN 10 WORKING DAYS OF RECEIPT 

COMMENT: The Records Custodian is available to assist you in preparing records for processing 

RECORD SOURCE REPLY: 

Received Date 9 I 131 9 s  
0 CORRECTED COPY ATTACHED 

X X S T  AVAILABLE COPY" - PROCESS AS 

0 RECORD REVISED AT RECORD CENTER 

Record Source Signature 
Completion Date 

f 
. .- 

. .  

. .  
.. . 

.... 
- .  
" '  ... 
.. . . , 
.. . 1. 
- .  .. . 

. .... 
. I .  . .  . .  . . . I . ... . .. 
. .._ 

. .  /... 
. .  
. .  . . .  . .  

, : ,  ... . Qj 
-\ : .  

.. .. 
. .  

I 856F0095.005 



TABLE OF CONTENTS 

Section Patre 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 

2.0 TEST PROCEDURES ............................................ 2-1 
2.1 MATERIAL PROCESSING ........................................ 2-1 
2.2 POLYMER TESTING ............................................ 2-2 

, 
2.2.1 NONCHLORINATED SLUDGE ................................. 2-3 
2.2.2 CHLORINATED SLUDGE ...................................... - 2-6 

' . 
. 1  2.3 . CHLORINATION TESTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-6 

2.4 SETTLING TEST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-8 
2.4.1 BULK SElTLING RATE TESTING .................. ; . . . . . . . . . . . .  2-8 
2.4.2 THICKENING TESTS ....................................... 2-14 

2.5 SLUDGE DEWATERING E S T  ..................................... 2-14 
2.5.1 BUCHNER FUNNEL TESTS ................................. 2-15 

2.5.3 DEWATERING TESTS WITH THE lAROX PRESSURE FILTER . . . . . . .  2-20 
2.6 MISCELLANEOUS TESTS . . . . . . . . . .  ; ............................ 2-20 

~ 

. .  

2.5.2 DEWATERING TESTS WITH THE DENVER EQUIPMENT PISTON PRESS 2-16 

:'P 2.7 BELT FILTER PRESS TESTING ................................... 2-23 
.=E 

3.0 DISCUSSION OF TESTING RESULTS ............................... 3-1 
3:l MATERIAL PROCESSING ........................................ 3-1 
3.2 POLYMERTESTING ............................................ 3-2 
3.3 CHLORINATION TESTING ........................................ 3-2 
3.4 ...... .SETTLIN G.TESTS ............................................................................................ 3-5 ........ ~ - :  ........ 

3.4.1 BULK SElTLlNG RATE TESTS ................................ 3-5 
3.4.2 THICKENINGTESTS ....................................... 3-6 
SLUDGE DEWATERING TESTS .................................... 3-6 
3.5.1 EQUIPMENT FILTRATION RATES ............................. 3-8 
3.5.2 TCLPRESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-8 

3.6 BELT FlLTER.PRESS TESTING .................................... 3-9 

4.0 CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 
4.1 SLUDGE THICKENING .......................................... 4-1 
4.2 CHLORINATION TESTS .......................................... 4-2 
4.3 PRESSURE FILTRATION DEWATERING TESTS . . . . . . . . . . . . . . . . . . . . . . . .  '4-2 
4.4 BELT FILTER PRESS TESTING .................................... 4-3 

. . .  4.5 

.... 
. . . .  

3.5 

. .  RECOMMENDATIONS FOR FUTURE TREATABILITY STUDY WORK . . . . . . . . . .  4-3 
I _  

APPENDIX A LABORATORY NOTES I 

APPENDIX 6: M O X  AND DENVER EQUIPMENT REPORTS 
APPENDIX C: BULK S€ITLING RATE AND THICKENING TEST DATA 

f 

/_ ....... ..-- .... 'd 



TABLE OF CONTENTS 

Tables eaaa 
2- 1 
2-2 
2-3 
2 4  
2-5 
2-6 
2-7 
2-8 
2-9 
2-10 

SUMMARY OF POLYMER TESTING (NON CHLORINATED SLUDGE) . . . . . . . . 2 4  
SUMMARY OF POLYMER TESTING (CHLORINATED SLUDGE) . . . . . . . . . . . . 2-7 
SUMMARY OF CHLORINATION TESTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-9 
SUMMARY OF BULK SETTLING RATE TESTING . . . . . , . . . , . , . . . . . , . . . 2-44 
SUMMARY OF BUCHNER FUNNEL DEWATERING TESTS . . . . . . . . . . . . . . . 2-16 
TCLP METAL ANALYSIS ON FILTRATE . . . . . . . . . . . . . . . . . . . . . . . , . . . . . 2-18 
SUMMARY OF DEWATERING TESTS DENVER EQUIPMENT PISTON PRESS . 2-19 
SUMMARY OF FILTRATION TESTS IAROX FILTER . . . . . . , . . . . , . . . . . . . . 2-21 
TCLP ANALYSIS OF DEWATERED SLUDGE CAKE . . . . . . . . . . . . . . . . . . . 2-23 
SUMMARY OF BELT FILTER PRESS TESTING . , . . . . . . . . . . . . . . . . . . . . . 2-26' 

._ ... . . ~- ....- ". .. -I - . - -. . __"  __._*. . , .. . . . , .. . __. -__ ^_._I_- _ .  ..- ..... -. ........ .----.._ ....... - - .._ ._.. -..-.. 
. -  



I 

1 .O INTRODUCTION 

This document summarizes the treatability study activities conducted at the HALLIBURTON NUS Laboratory 

located in Pittsburgh, Pennsylvania. These activities were conducted in support of the Rocky Flats 

stabilization project. The activities conducted consist of the following: 

Polymer Testing 

Chlorination Testing - -  

Dewatering Tests 

Clarification Testing 

Buchner Funnel Filtration Testing 

Belt Filter Press Testing 

Several miscellaneous tests were also conducted in an attempt to improve dewaterability of the sludge. 

This document mnsists of four sections. Section 1.0 is this brief introduction. Section 2.0 describes the 

testing procedures and provides summaries of the treatability test data. Section 3.0 provides discussions 

of the results. Section 4.0 provides conclusions based on the results and recommendations for future work. 

. . -. - ~ .-Appendix.A.contains acopy of .the laboratory.logbook. ~ ._.......__.... . .. .<- .. ... .__.___II__....I..__.______I_L__.II ~. 
. .  . 



2.0 TEST PROCEDURES 

2.1 MATERVU. PROCESSING 

Prior to conducting any tests with the Solar Bond sludges, it was first necessary to process the sludges, 

thereby duplicating anticipated field conditions. The process flow sheets shown in the Design Basis Memo 

for Pond Sludge Processing (Brown & Root, 1991) called for the pond sludge to be processed through a 
p__Icr 

hydrocyclone. The underflow (+325 mesh solids) was estimated to be 30 to 35 percent solids. The 

overflow (-325 mesh solids) went to a clarifier for clarification/thickening. The estimated feed concentration 

to the clarifier was 3 to 5 percent, while the clarifier undemow was estimated to be equivalent to the solids 

in the solar ponds. The cyclone and clarifier underflows would then be combined,. producling a feed 

, material for high pressure dewatering of approximately 30 to 35 percent solids. This particle separation 

was duplicated in the laboratory by sieving the sludges through 10, 100, 150, and 325 mesh sieves. The 

sieving was conducted for sludges from Pond 207 A, 207 B North, 207 B Center, and 207 B South. 

. .  

Approximately 8 gallons of each sludge was sieved. 'The material that was retained on the 10 mesh sieve 

was nominal and consisted of grass, asphalt, and twigs. The following weights were recorded for the 

greater than 10 mesh material: 

. ~ . . ..... -. . - ..._ .- . . :_ -- - ..- -S.-iL..4.___. ~ .._ .__ . ....__, . _. -. ~ .... ... - . :-. ._.. ., ., , . , . . ~ -.- ~ ,. .-... . .__. .. 
. .  .. . 

Pond 207 A - 27.29 grams 

0 Pond 207 BN - 88.75 grams 

0 Pond 207 BC - 64.64 grams 

Pond 207 BS .:; -5:69 grams 
. .  

Upon completing the sieving of the sludges, the minus 325 mesh material was analyred for percent solids. 

The percent solids analysis was conducted by collecting 50 ml of homogenous sample of the minus 

325 mesh slurry and then filtering it on Watman r with a Buchner Funnel. The residual filter 

cake and filter paper were then dried in an oven 

I 
-2 
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The results of the percent solids analysis for the minus 325 mesh material are as follows: 

Pond 207 A - 4.1 percent 

Pond 207 BN - 5.3 percent 

Pond 207 BC - 1.3 percent 

0 Bond 207 BS - 5.9 percent 

The minus 325 mesh material served as the feed material for polymer screening tests, bulk tests, and 

thickening tests. - -  

Following the selection of a polymer to aid gravity settling of the minus 325 mesh solids (see Section 2.2), 

the remaining minus 325 mesh material was flocculated and gravity settled. The thickened solids were then 

combined with the plus 325 mesh solids to produce the feed material for high pressure dewatering tests. 

The final volumes and percent solids of the sludges are as follows: 

Thickened 

Pond - Percent m s  

207A 4750 ml 35.4 

207BN 2865 ml 31.8 

207BC 4365 ml 12.6 

36.7 .. .. i-... ~ .._.. 207BS. * .  - _.: .. i. .... - .-... -- - .:.. ___...._._I--̂  3015 .. ml __.Î . ~ ~ .-._--.I_. . .. ... .- ._ ... d.. . .- -..._ _-_ .I. -. ,. 

2.2 POLYMER TESTlNG 

Tests were conducted on both chlorinated and nonchlorinated sludge (minus 325 mesh) to select a 

flocwlant that would aid settling and thickening of the solids. Because of the limited volume of sludge 

available for testing, an exhaustive evaluation of all available polmers was not conducted. Instead, one 

vendor (be& Laboratories, Inc.) was selected to test the polymers within the vendor‘s product line. 

2-2 
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‘j 2.2.1 

Prior to initiating the polymer testing approximately 500 ml of each pond sludge (minus 325 mesh) was 

placed in graduated cylinder and allowed to settle overnight. The thickened sludge depths following 

approximatley 8 hours are as follows: 

Pond 5!AQmaM- 
207 BN 2.125” 3.0” 5.125” 

207 BS 6.81” 0.38” 7.125” 

- 3.875” 3.25” 7.125” 

207 A 2.75“ 4.375” 7.125” 
207 BC < .  

Review of the above data indicates that the minus 325 sludge from Pond 207 BS did not settle, whereas 

minus 325 mesh sludge from the other ponds settled to 39 to 54 percent of the original volume. 

The polymer testing was conducted by Mr. G. Gailey of Bet2 Laboratories, Inc. In general, the tests were 

conducted by placing 400 ml of a particular sludge in three 500 ml beakers. The beakers were then 

simultaneously mixed (40 rpm) to homogenize the sample. Different polymers were added to each beaker 

at similar dosages, The sludge was thoroughly mixed for 1 minute at 74 -_ rpm and then for 2 minutes at 40 

..rpm. The-sludge was visually evaluated to determine if flocs were-formed at- the applied dosage. If no 

flocculation was observed, then additional polymer was added to each beaker. This procedure was 

continued until an optimum polymer and dosage were selected. Table 2-1 summarizes the results of 

polymer testing using nonchlorinated sludge. 

P 

_ _  - . . 

m 

.. . .. 
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TABLE 2-1 

S U I U R Y  OF W C Y E R  TESTING 
(Won Chlor inated Sludge) 

1 

I 

- 1 
) 

: To ta l  Polyrer  Add i t i on  

f loo0 Ib Solids 

R v ,  Polyrer  Feed 
Pord NO. Poly.er(') Concent r a t  ion pp P d  Neat P o l p r /  R e s u l t  

207BC 1 3315 Anionic 0.1% ' 24.4 2.0 S l i g h t  f l o c  formation 

1 3325 Anionic 0.1% 1 24.4 2.0 S l i g h t  f l o c  formation 

1 3360 Cationic 0.1% ' 36.1 2.0, Small f l o c s  formed 

2 3354 Cationic 0.1% i 36.1 3.0 Marginal f l o c  f o r k t i o n  

2 3398 Cat ion ic  0.1% 36.1 3.0 Marginal f loc formation 

3 3360 Cationic 0.1% 24.4 2.0 Good f l o c  formed 

3 3398 Cationic 0.1% I 36.1 3.0 Good f l o c  formed 

4 3392 Cationic 

'I 

1.0% I 697.7 60.0 No f l o c  formed 

1.8 No f l o c  formed 

1 3398 Cationic 0.1% ' 47.6 20.4 No f l o c  formed 
1.0% 49.6 1.8 No f l o c  formed 

1 3360 Cationic 0.1% ! 47.6 1.8 No f l o c  formed 

2 3392 Cat ion ic  1.0% * 1397.8 58.5 NO f l o c  formed 

207BS 1 3375 Cationic 1 .ox 49.6 

i 

I 

0.1% Large Small f l o c s  formed 

3315 Cationic 0.1% i Large Small f l o c s  formed 

207A 1 3398 Cationic 
Dose 

1 
1 Dose 

Fine f l o c  1 3360 Cationic 0.1% 1 69.8 2.2 

2 3325 Anionic 0.1% I Not No f l o c  formed 
f Measured 

Not No f l o c  formed 2 3375 Cationic 
Measured 

L. 

! 

C l l l t  

Polymer o f  choice 
because o f  lower dosage 

S l i gh t  scun on t o p  o f  
supernatant 

20 rnl added a 0.1% and 
2 m l  added a 1.0% 
so lu t i on  

Good s e t t l i n g  

Minimel s e t t l i n g  

Se t t l ed  be t te r  than 
3398 

Did not work 

Did not work 



TABLE 2-1 
S t H U R Y  OF POLYMER TESTIYC 
( W a r  Chlorinated Sl-) 
PACE TYD 

(’) A [ \  polymers a r e  products of Betz Laboratories, Inc. .I 
Note: Test run n u h e r s  with the same nurber uere conducted simulateously. 

I 
i 

/. 

j. 



2.2.2 

Several observations were made which suggested that there was significant biological activity present in 

the sludges, including a septic odor and the observation that when the sludge was lefl In a sealed 

container, the material expanded and seeped from the bottles, probably because of gas generation from 

biological activity. 

To confirm that biological activity existed in the sludge, three 50 ml aliquots were collected and placed in 

sealed containers. One sample was treated with calcium hypochlorite, one sample was stored at 4" C, and 

one sample was stored at ambient temperature. The samples were observed the following day. The 

sample that was stored at ambient temperature showed leakage from the container, while the other two 

samples showed no evidence of leakage. This observation suggest that biological activity occurred in the 

samples. 

The above observation, combined with the inability of Pond 207 BS sludge to settle, which was believed 

to be affected by the presence of microorganisms, resulted in the decision to chlorinate the sludge. The 

sludge was chlorinated with granular calcium hypochlorite (65 percent calcium hypochlorite). Further 

discussion of chlorination testing is provided in Section 2.3. All of the polymer testing was redone using 

sludge samples that were chlorinated. 

...: --. --. -.*- ~ .---I.. ~ -,d8 ..-._,.. ._..... __ _ _  ___._" ,_..'___ _ _ _  _... -.. ~ , . -  . _, ,.. 

. ... . . .  . .  . .  . .. 

The polymer tests conducted on the chlorinated samples were conducted by collecting 200 rnl of sludge 

and adding a dosage of polymer. The material was then mixed by hand using a glass stimng rod. The 

results of the polymer tests on chlorinated sludge are summarized in Table 2-2. 

2.3 CHLORlNATlON TESTlNG 

As explained in the earlier sections, a decision was made to chlorinate the sludges to improve settleability. 

To determine the correct concentration of a chlorinating agent necessary to kill the microorganisms, an 

experiment was set up to add several dosages of calcium hypochlorite and analyze the samples for 

standard plate count and residual chlorine. 



j 

P o l F r ( 1 )  Pard 

3360 Cationic 207A 

i w 

To ta l  P o l p r  A d d i t i m  
Polymer Feed 
Carcentrat i o n  pp! ~ourd Neat P o l p r /  

lo00 lb Solids 

1 .ox 37.3 2.2 

1 

_ _ _ _ _ ~  

Flocs formed 

No reac t i on  

Formed f l ocs  

Formed f l o c s  

Formed f l o c s  

Formed f l o c s  . 

Formed f l o c s  

Formed f l o c s  

Very l i t t l e  f loc 
formed 

Formed good f l ocs  

Formed f l o c  

TABLE 2-2 

Formed best f l o c  

Flocs did not s e t t l e  we l l  due t o  
foam from mixing. A f te r  
approximately 15 minutes a l l  
mater ia l  f loated. The mater ia l  
then s e t t l e d  a f t e r  f u r the r  
shaking. 

A f t e r  1 /2  hwr some mater ia l  
f loated 

Flocs s e t t l e d  we l l  

Some material f l oa ted  because of 
foam resu l t i ng  from mixing. 

OF WCYER TESTING 
(Chlorinated S1-j 

2070s 1192 Anionic 1 .ox I 498.1 37 

3360 Cationic 1 .ox 24.9 1.9 

3360 Cationic 1 .ox ’ 49.8 3 . 8  

3360 Cationic 1 .ox 37.3 2.8 

207BN 

1 .ox 24.9 4.0 

3392 Cationic 1 .ox i 74.7 3.5 

3360 Cationic 

3360 Cationic 1 .ox i 49.8 2.3 
1 

4 

1 .ox ‘j S ,  3360 Cationic 

R e s u l t  

49.8 4.3 

C-t 



... 

) .  A chlorine solution was prepared using 25 grams of calcium hypochlorite (65 percent) with 225 ml of 

deionized water. This is equivalent to a 7:2 percent solution of calcium hypochlorite. 

For each pond, 400 ml of “as-received” sludge was treated with chlorine solution. The chlorine solution 

was added to achieve three different concentrations (i.e., 6500, 12,300, and 18,500 ppm) The sludge and 

chlorine solution was mixed for 95 minutes and then sampled for chlorine residual and plate count. 

Additionally, each raw sample was analyzed for percent solids. The results of the chlorination tests are 

surnmarizep in Table 2-3. 

2.4 SEITLING TESTS 

Settling test were conducted to determine the rate at which the sludge settled and the rate that the sludge 

thickened. The first test is referred to as a Bulk Settling Rate (BSR) Test and the latter is a Thickening 

Test. The results of each test are compared to determine which test result Is the controlling factor for the 

design of a clarificationhhickening unit. 

. .. 2.4.1 Se- Testing 

The BSR testing was conducted on sludge from Pond 207 A and Ponds 207 B North, Center, and South. 

- __ - __-_..All of the sludge for this testing was sieved to minus 325 rnesh,*Testing was cpnducted_on sludge - .  that was - 
-I -. 

untreated, sludge that was oxidized with calcium hypochlorite, and sludge that was oxidized wlth calcium 

hypochlorite (65 percent) and flocculated with polymer (Betz 3360). Polymer was added at the optimum 

dosage as determined from the earlier polymer tests. All of the BSR tests were conducted using sludge 

that was diluted with the appropriate pond water at a 1 to 5 dilution. This dilution was necessary to allow 

discrete settling of the individual particles as required by the test method. 

The BSR tests were conducted by first plaang the sludge, at the appropriate dilution, in a 1000 ml 

graddated cylinder. The sludge was then mixed using a rubber stopper on a glass stirring rod to provide 

a uniform mix. A stop watch was used to measure the time required for the bulk of the sludge to settle. . 

2-8 



TABLE 2-3 

s u I ( A I I Y  OF CHLORIYATIDY TESTING 

Plate CMt 

2000 colonies/ml 
0 colonies/ml 

11 colonies/ml- 
19 colonies/ml 

2000 colonies/ml 
3 colonies/ml 
2 colonies/ml 
3 colonies/ml 

14.9% 

R e s i b 8 1  
Chlorine ppu lb/lOoO lbs D r y  Solids 

NA 16,700 120 lbs. 
27 mg/l 
22 mg/l 
32 mg/l 

NA 11,100 - 40 Lbs. 
2000 mg/l 

34 mg/l 
4900 mg/l I 

207Bc 4.1% 

C a l c U  
Hypoch Lor i te 

Dosege 

0 mg/l 
16,700 mg/l 

- 11,100 mg/l 
5,900 mg/l 

0 mg/l 
16,700 mg/l 
11,100 mg/l 
5,900 mg/l 

0 mg/l 
16,700 mg/l 
11,100 mg/l 
5,900 mg/l. 

0 mg/l 
16,700 mg/l 
11,100 mg/L 
5,900 mg/l 

0 mg/L 
16,700 mg/l 
11,100 mg/l 
5,900 mg/l 

11,100 

11,100 

Selected Dosage C a l c i u  
Hypochlorite 

100 lbs. 

120 Lbs. 

3 colonies/ml 
61 colonies/ml 

440 cotonies/ml 1 . N; 

160 colonies/ml 

2 colonies/ml . 12 mg/L 
1 colonies ml 12 mg/l  

10 colonies/ml 22 mg/l  

6 colonies/ml 16 mg/l 
14 mg/l 

344 mg/L 

1800 colonies/ml 

51900 I '. 

70. lbs. 

Conposite vas blended using equal v o l w s  from each pond. 
' 

2-9 
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Times were recorded as the sludge settled past the 800, 600, and 400 ml marks on the graduate cylinder. 

The data was then used to determine the design overflow of a clarification unit required to adequately settle 

the sludge. The following formula was used: 

BSR(fVhr) = cc x 60 mmlhr 
min. x (Cylinder calibration cdft) 

where, cylinder calibration for 1.0 L cylinder = 883 cdft. 

The BSR and design overflows are summarized in Table 2-4. The design overflows are based on a flow. 

rate of 315 gpm from the hydrocydone to the clarifier. 

During the BSR testing it was observed that sludge from Ponds 207 B North and South had a tendency 

to float as opposed to settle. This observation was attributed to gases becoming entrained in the sludge 

during mixing when calcium hypochlorite was added. 

For each pond, samples were analyzed for percent solids and bulk densities after the sludge was allowed 

to settle for 30 minutes in the graduate cylinder. These results are summarized below: 

207 A 9.5 percent - 
207 BN 7.9 percent 1.15 (SG) 

”.-,-,- ” ...... “ .... ._ .,--., ~ ._ ............................................. . - ...-. ......:. ,.:- - . ._ * .  -..-.*i _ _ =  ... 1 -  ;..,~- ...... I ....--;.> _, 

207 BC 2.4 percent - 
207 BS - 
207 B (combined) 5.4 percent 

Bulk densities’are reported as specific gravity. 

All of the analyses for percent solids and bulk density have not been completed. 

2-1 0 
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TABLE 2-4 

: S U M M Y  OF BULK SETTLING RATE TESTING 

! 

i 

: 

N 

N 

N '  

N 

N 

N 

Y 

N/A N I A  
j 

Y !  

Y l  2.41 ' 20w 

y ' i  42.92 118 : . ' 

! 

Y i  6.80 744 

N/A 
i 

y ;  N/A 

Y , (  N/A N/A : 

y 1  N/A N/A 

. .  

1. I 'min. everything f l oa ted  

I 
I 

t o r e n t s  

Very cloudy supernatant - sludge 
somewhat agglomerated 

Very cloudy supernatant - sludge 
somewhat agglomerated 

Very c lea r  supernatant 

Very c lea r  supernatant 

Clear supernatant - good f l o c  

Clear supernatant - good f l o c  

Mater ia l  not  s e t t l i n g  a f t e r  5 m i n .  
co lor  change from green t o  b r o w  

- 

Color change from green t o  b r o w  - 
mater ia l  not s e t t l i n g  a f t e r  5 min. - 
l o t s  o f  foam 

Most mater ia l  f l oa ted  - supernatant very 
cloub/ - f l o c s  i n  l iquid 

50 m l  f loated/300 m l  s e t t l e d  - less 
mater ia l  f l o a t s  w i th  every run 

Supernatant had pin f locs 

3 m l  o f  polymer added - slow s e t t l i n g  
r a t e  

Good f l oc ,  but poor s e t t l i n g  

5 m l  of  Polymer added - 250 m l  
f loated/100 rnl s e t t l e d  

Most mater ia l  remained suspended - less 
mater ia l  f l oa ted  

lmnediate f l o c  formation. - U i t h i n  45 



L * 

2078 Center 

2078 Canpos i te 

TABLE 2-4 
-I OF BULK SETTLING RATE TESTING 
PAGE 2 

N N 7.52 672 

Y N '  9.77 517 Somewhat cloudy supernatant 

Y N '  8.19 61 7 Good f l o c  formed 

Y Clearer supernatant - f l o c  s e t t l e d  

Mater ia l  not s e t t l i n g  a f t e r  5 min. 

27.64 183 
y ;  quick ly  

N N ?  N/A N I A  

Y N 2.61 1940 

Y N 2.93 1726 

N y \  58.24 

N N ,  4-99 1013 

Y N :  5.26 96 1 

Y N I  4.10 1233 

17.17 294 Y 

p i n  f l o c  in  supernatant 

87 S u p e r n a t k t  only bluelgreen color 

I Supernatant bluelgreen 

Supernatant c l e a r  u i t h  some suspended 
f l o c  - some f l o c  f loated. y >  

1 
Y Y i  15.68 322 



2.4.2 Tesk 

The thickening tests were conducted for each pond using minus 325 mesh material. All of the sludge was 

oxidized with 65 percent calcium hypochlorite and flocculated with polymer (Betz 3360) at the optimum 

dosage as determined from the earlier polymer testing. 

The test was conducted by placing 1000 ml of sludge in a 1 L graduated cylinder and measuring the 

decrease in volume over a 24 hour period. The graduate cylinder was equipped with a rake mechanism 

. which rotated between 10 and 30 rpm. Additionally, a similar test was conducted without the rake 

mechanism to serve as a control for each pond. The resulk of the thickening tests are reported as square 

feet, which represents the area needed to provide the necessary capacity to thicken the sludge. The 

results are as follows: 

Ennd 
207 A 3,920 ft? 

** 3 207 BN 1 1,255 ft2 

207 BC No Data 

207 BS 8,960 R2 

- . . . ..No.data are reported for..Pond.20Z..BC because the sludge thickened too.rapidly.to collect data .points .... This..- _.... ~~ ~ __. . .- 

would suggest that this pond would not be a limiting factor for the design of the thickener. 
. .  

2.5 SLUDGE DEWATERING TESTS 

Sludge dewatering tests were conducted using 8 Buchner funnel, the Denver Equipment Piston Press, and 

the Larox Pressure Filter. During the initial dewatering tests the Denver Equipment Piston Press was used; 

however, once it was determined that the sludge was not readily dewaterable as is, the Buchner Funnel 

was used as a qualitative screening device to test the effect of various additives on the dewaterability of 

the sludae. It was observed that if sludae mixed with a particular additive was successfully dewatered or 
Y " 
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i unsuccessfully dewatered on the Buchner funnel, then similar results would be found on either of the 

pressure filters. 

All dewatering tests were conducted on combined sludge. The minus 325 mesh material w a s s w i t h  

65 percent calcium hypochlorite and flocculated with Betz 3360 polymer. This sludge was allowed to settle 

for approximately 4 hours; the supernatant was then decanted off the sludge using a vacuum. This sludge 

was then combined with plus 325 mesh material, which was also chlorinated with calcium hypochlorite. 

The sludge was combined at a ratio of 0.28 to 1.0 (quantity of minus 325 mesh material to quantity of plus 

325 mesh material). This preprocessing and recombination of sludge simulated what was to occur in the 

2.5.1 -er F& Tests 

Initial testing quickly indicated the sludge could not be successfully dewatered without the addition of 

additives to enhance dewaterability. The sludge appeared to blind on the filter paper, possibly due to the 

large amount of fine particles. Because of the difficulties encountered in dewatering the sludge, a Buchner 

funnel was used as a qualitative screening mdhanism for various additives mixed with sludge. 
.:‘3 

Several additives were unsuccessful in improving dewaterability, including Bek 3360 polymer, lime plus 

polymer, . , . diatomaceous , ,., . .  ._. earth, . . sand, ._ . ~ and -, _.I_ dilution . ._._ with _. _._.._-. deionized . water. . .~ ...._...., ___ . .. ... .. .... _ .  -1. ._, ... .- ..... ~ ,.. . .  -.- ..... ., . . 

There were several additives, which were moderately successful, including lime addition to a pH of 11 with 

a reaction time of approximately 4.5 hours. Lime addition to pH of 10 after treatment with chlorine dioxide 

was also moderately successful. 

The addition of limekement, limemyash (Type C), and IimeAIyasWcement were successful in dewatering 

the sludge from Pond 207 A, 207 BN, BC, and BS. The combination of Ilmdcement/flyash appeared to 

be the most successful dewatering mixture based on a visual observation of the cake and the dewatering 

rate. Once the optimum mixture was determined, several additional tests were conducted to determine the 

effect of decreasing the quantity of cement and flyash. The results indicated that the filtration rate 

1 
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i decreased as the quantity of additives decreased. Percent solids analysis were conducted and filtrate 

volumes were measured for select filter cakes. The Buchner funnel dewatering tests are summarized in 

Table 2-5. 

Additional testing conducted on the Buchner funnel consisted of dewatering each pond sludge using the 

optimum mixture of IimeAyashkement and collecting the filtrate volume. The filtrate was then filtered 

through a .45 micron filter and analyzed for the TCLP metals and pH. This data would represent the 

quantity of dissolved metals present in the filtrate from a dewatering process. These results are 

summarized in Table 2-6. ::, 
i '- 

* .  

2.5.2 Tes&HjlhIbe Denver EauiDmentU!Wm Press 

The laboratory Piston Press is.a device designed to measure the filtration characteristics of sludge at 

pressures up to 2000 psi. The pressure is supplied by an air driven ram pump. The ram is driven by 

compressed air at approximately 90 psi. The pressurized water is fed to the press through a flexible 

hydraulic hose. The press consists of a steel cylinder with internal dimensions of 7.874 inches long by 3 

inches in diameter. One end of the cylinder contains a hydraulic port which delivers pressure to the internal 

piston. The other end of the cylinder has an end cap which is screwed on and off to fill or remove sample. 

The Piston Press was used for dewatering tests when initial thinking was that the sludge was amenable 

- - .  ~ to dewatering. Initially, testing was conducted with Pond 207 A and 207 BS sludge "as is." The material. 

was observed to blind the filter cloth (preventing the flow of water) probably because of the large number 

of fine particles and/or the presence of an organic slime layer around the discrete particles. After the initial 

test with the Piston Press, it was realized that the material was not dewaterable without some type of 

pretreatment. As a result of this finding, relatively few tests were actually conducted with the Piston Press. 

Additives such as Type C Flyash and cationic polymer were used to improve filterability. Both additives 

failed to increase the filtration rate of the sludge. The results of the Piston Press dewatering test are 

provided in Table 2-7. 
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2078s 

~~ 

Additives 
% 

2000 m l  1% potymer (3360) 

100,ml DI water 
4 m l  1% polymer (3360) 

2.15 g Ca(OH) I 

7 m l  of  1% pofymer (3360)  
150 m l  DI water 

100 m l  D I  water 
2.15 g Ca(OH)2 
22 g Port land Cement 

100 m l  DI water 
22 g Port land Cement 

4.3 g Ce(0H) 
44 g P o r t t a d  Cement I 

100 m l  DI water 
6.4 g Diatcmeceous Earth 

100 m l  DI water 
2.15 g Ca(OH)2 
29.3 g T y p e  C Flyash 

14.9 g cement 
100 m l  DI water 

100 m l  DI water i 
240 g sand I 

100 m l  01 water 1 
40 g sand 

100 m l  DI water I 

29.3 g f lyash 
14.9 g cement 

100 m l  D I  water I 

2.15 g Ca(OH)2 

14.9 g cement 

, 
I 

I 

I 

I 

I 

2.15 g Ca(OH)2 1 
I 

I 

17.6 g flyash t 

207Bc 

R U l  F i l t r a t e  Cake Percent 
T i l e  V O l U e  Sol ids c m t s  

143 rnin. Not measured Poor dewatering 

33 min.  Not measuced MA Poor dewatering despite good 
f l o c  formation 

5 min.  Not measured MA pH = 9.5. S l i gh t  improvement 
over previous runs 

Not measured b 50.8% Good f i l t r a t i o n  4 min.  

I 
15 min.  Not measured MA 

9 min .  Not measured 50.8% 

Poor f i l t r a t i o n .  18 min.  Not measured NA 

4 min. Not measured 62.9% pH = 12 
Good f i l t r a t i o n  

Materials added t o  mixture 
from ZOTBS, Rm No. 2 

Sanple s t i l l  wet 

2.50 min. Not measured 64.9% 

4 min.  28 m l  MA 

4 min. 35 m l  NA Sanple s t i l t  & a e 
4.50 min.  140 ml MA pH = 12 

sanple f i 1 tered wet I 

5.50 min. 170 m l  NA pH 12 

5 

Sluc&e 
V o l u e  

200 m l  

100 m l  

200 m l  

100 m l  

100 m l  

200 ml 

100 m l  

100 m l  

100 m l  

100 m l  

100 ml 

: !: 
I. 
I 

. .  

TABLE 2-5 
d W R Y  OF BUCHllER FUlyEL OWATERING TESTS 

-5 

/" 



i 
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TABLE 2-6 

TCLP =TAL AYALYSIS m FILTRATE 

Elevated detection l i m i t  due t o  sample matrix interference. 
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T e s t  Sl&e 
V o l l m  Mditiws 

550 m l  

550 m l  

1500 psi 
Increased t o  2000 
psi a f t e r  17 min. 

1500 p s i  
Increased t o  2000 

p s i  a f t e r  15 min. 

:1500 psi 

25 min. 

18 min. 

8 min. 

t. . ,'. 

2070s 

207BC 

TABLE 2-7 

3 275 m l  20% dry ut. 
T y p e  C f l yash  

(19.259) 

4 500 m l  30 m l  
o f  1% Polymer 

(3360) 

5 450 m l  NOne 

6 400 m l  None 

7 200 m l  50 m l  
1% Polymer 

( 3360 

OF DEWTERIYG TESTS 4 

; DENVER EWIPIEWT PISTOY PRESS 

j 

,1500 psi 
. .  

!1500 psi 
! 

[1500 psi 

il500 psi 

. - - -  15 'min. 24 m l  
. .  . .  

,150 min. 260 m l  3/ 4" 

60 min .  70 m l  3/16#' 

_ _ _  150 m l  3/16" . 

F i l t r a t e  
V o l l m  

31 m l  

34 .ml 

30 m l  

Cake 
Thickness 

1 CM 

C s n t S  

Poor f i l t r a t i o n ,  1/W mater ia l  
was not dewatered. 

Used Uhatman 41 f i l t e r  paper - 
Poor f i l t r a t i o n .  

Only small part of  mater ie l  
dewatered. 

No cake uas formed, poor 
f i l t r a t i o n .  

S t i l l  some water present above 
f i l t e r  cake. 

A l l  sludge no t  dewatered. 

Sane sludge not  dewatered. 



\ 2.5.3 Lbxgmhg T t ~ W Y t t b  The 
I 

The Larox Pressure Filter (LABOX PF 25 LABORATORY FILTER) is a laboratory filter which simulates the 

filtration, pressing, and drying operations performed in a full-scale filter. The pressure filter has a filtration 

area of 25 cm2. The filter cloth used for testing was constructed of polyester and had an air permeability 

of 4.6 f?/f?*min. 

The Larox Pressure Filter was used for dewatering tests primarily after various additives were successfully 

screened on the Buchner funnel; therefore, the majority of the testing was relatively succeSsfu1. The 

primary additives were lime, flyash, and cement which were tried in various combinations. However, lime 

was always added to a pH of approximately 12. A summary of these dewatering tests is provided in Table 

2-8. 

The testing consisted for the most part of varying pressure, run time, and fill cydes to provide adequate 

design information for Larox to size a full-scale unit. The most successful mixture for dewatering consisted 

of lime, flyash, and cement. This mixture was used on all pond sludge and found to produce a suitable 

filter cake based on percent solids and visual observations. Additionally, a filter cake from each sludge was 
..a > 

I 

sampled and submitted for TCLP extraction and metal analysis. These results are provided in Table 2-9. 
I 

2.6 MISCELLANEOUS TESTS ...- -- _. ._........._ -. . ..... I,.. . --.......,.., ._...._.._I__/ k . ~ , ,  .. ._ ^... _. .~ . .... __ ._..̂  ". r- ..,. .. . - .. . ~ ~ -.I__. .- ... _ _  ~ -.... . .... ii... - ,  
. .  . . .  .. . . 

Upon discovering the difficulties in dewatering the pond sludges, several other tests were conducted in an 
I 

attempt to improve the dewaterability of the sludges. The following three tests were conducted: 

p Centrifuging the sludge 

e Sonication of the sludge 

Shearing the sludge 

l 

I 

I 

The centrifuge test was conducted by taking 37 mi of Pond 207 BC sludge and plaang it in a centrifuge 

tube. The sludge was centrifuged for 5 minutes at 3000 rpm. The following visual observations were 

noted: 

I 

I 

P 
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LAIK# FILTER 

F i l t r a t i m  F i l t r a t e  Cake Cake Percent 
s'*) Additives Pressure , T i l e  V o l u e  Thickness Sol i& 

R U I  
Yo. V o l u e  

1 150 m l  None 195 p s i  20 min.  20 m l  - - -  _ - -  
2 150 m l  3.2 g Ce(OH)2 195 p s i  5 m i n  100 m l  1/2" 70.1% 

3 450 m l  9.5 g Ce(OH)2 195 p s i  50 sec. 125 m l  59.1% 

33 g cement 

99 g cement 195 psi t 5 min. 

'1 I1  

4 450 m l  9.5 g Ca(OH)2 78 p s i  52 sec. 150 m l  1-1/8" 62.1% 
99 m l  cement 78 p s i  170 sec. 

195 p s i  6 min. 

450 m l  9.7 g Ca(OH)2 195 p s i  ; 4 min.  75 m l  3/4" 57% 5 
132.2 g f lyash 

9.7 g Ce(OH)2 78 p s i  50 sec. - - _  1-1/81' 64.7% 
132.2 g f lyash 195 p s i  6 min.  

120 m l  1-1/4" 76.7% 600 m l  13 g Ca(OH12 78 psi 50 sec. 
175.5 g f lyash 195 p s i  6 min. 
89.1 g cement 

175.5 g f lyash 78 psi 1 m i n  
89.1 9 cement 195 psi 4 min .  

6 450 m l  

7 

SO sec. _ _ -  1-1/4" 69.5% 600 m l  13 g Ca(OH)2 78 p s i  8 

50 sec. 90 m l  1-1/8" 70.8% 13 9 Ce(OH)2 78 psi 
175.5 g f l yash  78 psi 60 sec. 

4 min .  89.1 g cement 195 psi 

9 600 ml 

1 

1-1/8" 69.6% 13 g Ce(OH)2 78 psi ' 50 sec. 90 m l  
175.5 g f lyash 78 p s i  60 sec. 

3 min. 89.1 g cement 195 p s i  

10 600 m l  

I 

C-ts 

Only 1/1611 o f  mater ia l  dewatered. 

Good f i l t r a t i o n ,  cake was 1/2" th ick .  

A d d e d  in two layers, f i r s t  = 150 mi,  
second = 75 ml.  
l i t t l e  wet. 

Mater ia l  was added in  three layers 
(150 ml ,  50 ml, 50 ml) ;  the f i r s t  two 
were a t  78 psi and the l e s t  a t  195 psi. 

Cake s t i l l  wet. A d d e d  150 m l  in  one 
I ayer. 

Cake s t i l l  soupy. F i r s t  layer = 150 m l  
Second layer = 50 m l  

F i r s t  layer = 150 m l  
Second layer = 50 m l  

Sludge added in  two layers; the f i r s t  
was 150 ml ,  and the second was 50 ml .  
The pressure was increased t o  195 psi 
a f t e r  the second layer  was f i l t e r e d  a t  
78 p s i  f o r  ? m i n .  

Sludge added in  two layers; the f i r s t  
was 150 ml, end the second was 50 ml. 
The pressure was increased t o  195 psi 
a f t e r  the second layer  was f i l t e r e d  a t  
78 psi f o r  1 min. 

Sludge added in  two layers; the f i r s t  
was 150 ml ,  end the second was 50 m l .  
The pressure was increased t o  195 psi 
a f t e r  the second layer nas f i l t e r e d  a t  
the 78 p s i  f o r  1 min. 

Top o f  cake nas a 



F i l t r a t e  
Voltme 

80 m l  

Cake Cake Percent 
Thickness So l  ids C l r r l t S  

7/8" 76.0% A d d e d  1 layer  of 150 m l .  

13 g Ca(OH)2 
175.5 g f lyash 
89.1 g cement 

78 ps i  
78 psi 

195 ps i  

100 m l  

80 m l  

80 m l  

1 - 1 /4" 70.5% Sludge added in two layers; the f i r s t  
was 150 ml;  the second was 50 m l .  The 
pressure was h e l d  at  78 psi f o r  50 sec. 
then ra ised t o  195 ps i  f o r  6 min. on 
the second layer. 

1-1/4" 75.4% Sludge added in  two layers; the f i r s t  
was 150 ml;  the second was 50 m l .  The 
pressure was h e l d  a t  78 p s i  f o r  50 sec. 
then ra ised t o  195 p s i  for 6 min.  on 
the second layer. 

was 150 ml;  the second was 50 ml .  The 
pressure was h e l d  a t  78 psi f o r  50 sec. 
then ra i sed  t o  195 psi f o r  6 m i n .  on 
the second layer. 

1-1/4" 74 .ox Sludge added in two layers; the f i r s t  

u 

13 g Ca(OH)2 
175.5 g f lyash 
89.1 g cement 

78 psi 
78 psi 

. 195 psi 

13 9 C8(OH)2 
175.5 g f l yash  
89.1 g cement 

78 psi 
78 p s i  

195 p s i  

TABLE 2-8 
-I OF FlLTRATlOY TESTS 
LARaK FILTER 
PAGE TW 

Val- s'"$i,, Addi t ives I Pressure 
F i  1 t r a t i m  

Time 
R v ,  
YO. 

11 

12 

P d  

207Bc 

= 

207A 

600 m l  5 min. 195 psi 

78 p s i  
195 psi 

13 g Ca(OH)2 
175.5 g f lyash 
89.1 g cement 

13 g Ca(OH)2 
25.7 g f lyash 
50.5 g cynent 

600 m l  50 sec. 
6 min .  I I I 

' 600 m l  50 sec. 
50 sec. 
6 min.  

13 600 m l  50 sec. 
50 sec. 
6 min. 

207Bw 

600 m l  50 sec. 
50 sec. 
6 min. 

14 

(') Mot e l l  of the i n i t i a l  sludge volune was edded t o  the Larox f i l t e r .  

I 
i 

. .  
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TABLE 2-9 

TCLP W L Y S I S  OF DEUTERB) SLWGE Un 
I 

Regulatory 
Value for the 

RCRA Character is t ic  
of T o x i c i t y  

Arsenic 5.0 mg/l 

Bar iun 100.0 mg/l 

C a h i  un 1.0 mg/l 

Chromiun 5.0 mg/l  

Lead 5.0 mg/l 

Mercury 0.2 mg/l  

Se l eni un 1.0 mg/l  

S i l v e r  5.0 mg/l 

pH 

Nickel  

- - -  
- - -  

NA: Not Analvzed. 
Note: Nickel i s  least  soluble a t  a pH of 10.5 and i s  less than 0.32 mg/l a t  a pH of 11.5. 
the LOR l i m i t  f o r  n ickel  in  the Solar Pond Characterization r e s u l t s .  

AdditionalLy, the r a u  sludge from 207.A, 207 BN, BC, and BS uere belou 

: .. . .  , 

. .  



10.5 ml of air/gas was expelled during the centrifuging 

4 ml of liquid was present 

13 ml of finqrained material was present 

2 mi of coarser material was present 

The sonication test was conducted by placing 75 ml of Pond 207 BC sludge in a beaker which was then 

placed in a water bath in a sonication cleaner. After 3 minutes, the sludge showed no visible effects from 

the sonication. The sludge was then sonicated for an additional 13-minutes. There did not appear to be 

any significant difference in the physical characteristics of the sludge, although some degassing did occur. 

--- - 

The sludge was also sonicated on a high energy sonicator, which is used for chemical extraction of soils 

and sludges. The sludge was sonicated for 6 minutes with no apparent effect on the sludge. 

The shear test was conducted by placing 200 ml of Pond 207 BS sludge in a beaker and mixing the sludge 

with a blender (rpm approximately 10,000 to 12,000) for 5 minutes, The sludge was visually observed to 

increase from 200 ml to 400 ml from entrained gases. The sludge was then placed on a Buchner funnel 

to determine if the filterability of the sludge was improved. After 16 minutes of filtration time the sludge 

was still wet and only 17.5 mi of filtrate was collected. J 

2.7 BELT FILTER PRESS TESTING 

- . - - - Belt filter press testing was conducted by Messrs J. Jones and W. Chung of Roediger. The purpose of this.- _,__ 

qualitative testing was to determine if the sludge is amenable to belt press dewatering. The test was 

conducted on sludge from Pond 207 A and combined sludges from Ponds 207 BN, BC, and BS. Testing 

was conducted on chlorinated and nonchlorinated sludge. 

- = 

The test procedure consisted of mixing polymer with sludge to form flocs, which were dewatered on a 

m r s e  screen by rolling the sludge back and forth, simulating gravity dewatering on a full-scale belt press. 

Once the free water was removed, the sludge was placed on a section of belt cloth, which was folded over 

and squeezed by hand to remove additional water. At the completion of the dewatering step, the cloth was 

visually observed to determine if the cake would separate from the filter cloth. 
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The testing was conducted using a cationic polymer supplied by the Roediger personnel. The polymer was 

a Stockhausen product (Praestol644 BC) which was used at 0.2 percent solution. The Betz 3360 polymer 

which had previously been used in the treatability study was tried; however, it appeared to have lost its 

activity due to age and was not used again. 

- -.. 

The initial percent solids of sludge from Bond 207 A was 5.4 percent, and for sludges from combined 

Ponds 207 BN, BC, and BS was 9.5 percent. Table 2-10 summarizes the results of belt filter press testing. 

The data indicate that chlorination with calcium hypochlorite improved the dewatering. Chlorination visually 

improved the flocculation of the sludge. The sludge with polymer addition and chlorination was dewatered 

to-28.6 percent and 36.0 percent solids for combined Ponds 207 BN, BC, BS and 207 A, respectively. 

. 

.. .̂_ . ... .. .̂.... _*..".. .... i..".i _.. ...-- .._-...-..-....... ..*-a .....-. . . . . . . . . .  ._- . 1 

. . .  . .  . .  . . .  . . .  
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TABLE 2-10 

S U l u R Y  OF BELT FILTER PRESS TESTING 

POLYMER CHLORINATION POND 

YES 

NO NO 

YES YES 

YES 

YES 

20?B N,C,S NO 

2 0 7 A  NO . 
YES - 

PERCENT SOLIDS 

GRAVITY PRESSURE 
DEWATERING DEUATERING 

14.1% 21 -0% 
(1 )  ( 1 )  

16.0% 28.6% 

20.4% 29.2% 

29.1% 36.0% 

T e s t  was not s u c c e s s f u l ;  no samples cot t e c t e d .  ' 
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'I 3.0 DISCUSSION OF TESTING RESULTS 

3.1 MATERIAL PROCESSING 

Several observations were made from the extensive handling of the sludges. The first observation is the 

amount of plus 10 mesh material in the 207 A, BN, BC, and BS Ponds is relatively Insignificant. The 

amount of plus 10 mesh material ranged from 2.8 x loa to 1.8 x lo4 percent by weight. This material 

consisted of grass, twigs, and asphalt (Le., material that may have been blown into the ponds from the 

berms). Although this material does not appear to be a typical waste, it must be considered a RCRA 

hazardous waste because of the mixture rule as defined in 40 CFR 261.3. This material is listed for the 

same hazardous waste identification numbers as the Solar Ponds. 

The second observation is the sludge consists primarily of very fine sized particles. It Is estimated that 

there are 4 times more solids less than 325 mesh than plus 325 mesh based on the quantities of material 

after sieving. 

The sludge was a very thick paste when thickened to between 30 and 40 percent solids. This material had 

a consistency similar to catsup. 

_..__.- -,.., ,...* ._._, *._ - l__.ll.._l...... .-.I._ .... I _ .  . --.  I .... ....+..I ...._ ' :...__I . I  

- .. .. . 

The sludge from all of the ponds had a strong odor similar to sewage. The presence of biological activity 

is a result of sewage being dumped into the solar ponds historically. As a result of sewage present in the 

sludges and waters, disinfection might be required as part of the treatment process to comply .with 

acceptance criteria specified by the Nevada Test Site. The NVO-325 states that waste can not be 

accepted if pathogens are present. Disinfection also improved the settling and filtration characteristics of 

the sludge. 
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3.2 POLYMER TESTING 

As indicated earlier, various polymers were tested for both nonchlorinated and chlorinated sludge. Because 

of the need to chlorinate the sludge for disinfection and Improved material handling, only the results of the 

polymer testing with the chlorinated sludge will be discussed. 

Testing indicated that a cationic polymer was successful in promoting flocculation of the four solar pond 

sludges processed to minus 325 mesh. The polymer selected was a Bek product designated 3360. The 
~ 

following dosages were selected: 

.Pond -Dosaaeo - 
207 A 75 2.23 Ibs./lOOO Ibs. dry solids 

207 BN 100 2.31 Ibs./lOOO Ibs. dry solids 

207 BC 50 4.00 Ibs./lOOO Ibs. dry solids 

207 BS 75 2.79 Ibs./lOOO Ibs. dry solids 

Dry solids are based on the percent solids results of the minus 325 mesh material. The percent solids for 

Ponds 207 A, BN, BC, and BS are 3.5, 4.5, 1.3,and 2.8, respectively. 

. . . .  ... &:..&...->I... . .  ......... ._._-._..._....I,- 2 - 3 -  ..-,.---,., CHLORINATION ......... ~ ~ ...... ..,- "_ TESTING ..... _..- ...... . _ -  / _ _ . . _  - _ _ _ _ - _ _ _ _ _ - - -  
, g'-' 5) , 
$%b+ 

Initial handling of the 207A and 207&N/C/S sludges (-325 mesh material) revealed that the material would f 
not settle in a timely fashion. This observation was more pronounced for sludge from 207B-S. The poor 

settling characteristic was believed to be related to biological activity in the sludge. A decision was made 

to  chlorinate the sludge to klll the biomass. The chlorinating agents evaluated were sodium hypochlorite 

(at 5 percent) and calcium hypochlorite (at 65 percent). These were chosen due to their availability. 

Because a large volume of sodium hypochlorite (at 5 percent) would be required compared to a relatively 

smaller volume of the more concentrated calcium hypochlorite, testing proceeded with calcium hypochlorite. 

After the addition of calcium hypochlorite, the sludge was observed to seffle at a faster rate than 

nonchlorinated sludge. The addition of polymer further optimized the settling rate of the sludges. The 
$ 

...A . 
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optimum settling of the sludge was found to be a combination of the chlorinating agent followed by polymer 

addition. 
-") 

As testing progressed, an observation was made which indicated that when calcium hypochlorite was 

added to pond water, a precipitate was formed. The precipitate was believed to be either calcium 

hydroxide or calcium sulfate (gypsum). The precipitate was weighed and found to be approximately 3 

percent of the weight of water. Because of the concern of producing additional solids that would require 

solidification, additional chlorinating agents were evaluated. The following reagents were evaluated: 

Chlorine Dioxide 

Hydrogen Peroxide 

Nitrogen Trichloride 

Sodium Hypochlorite 

Sodium Chlorite 

The following briefly describes the results of the evaluation. -1 
ne Diem, CIO, (at 5 per.cent): One test was conducted to qualitatively evaluate the performance 

of chlorine dioxide. Because of the difficulties and health hszards of generating concentrated chlorine 

dioxide gas in the laboratory, a,dilute solution was made for testing using Anthium Dioxide (International 

Dioxide Inc.). A large dilution was.required to approach the theoretical concentration needed due to the 

solubility of chlorine dioxide in water (0.3 percent solution). After oxidation, a change in the physical 

characteristics of the sludge was observed. The material color changed from greenish blue to yellowish 

white: After oxidation, the pH was 2. 

. .  

. . _ -  ...: . .  .,...... - .... -..* -. . . _._^* * .,,,, ~ ~ _....__.. I 
. .. -. ... .. .. . .. __ .. . . . . . ... . . . . . .. . . - , . .. .-..,.. -,... . 

n P e m ,  H,O, (50 percent): Limited qualitative testing was performed. Upon addition, no 

reaction occurred for approximately 20 minutes. When the exothermic reaction occurred, substantial gas 

evolution and foaming were observed. No visible oxidation of the blue dye in the pond water was 

observed. 
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n Trim, NCI,: Initial testing revealed unfavorable solubility characteristics with lower ..._ 

temperatures. This material is relatively insoluble at temperatures below approximately 70" F. 
) 

SodiumHvwchlorite, NaClO (15 percent): Qualitatively evaluated in laboratory. No visual sign of biomass 

degradation and no change in physical characteristics after 2 hours. No apparent reaction. 

Sodium, NaCIO, (31.25 percent): Qualitatively evaluated in laboratory. No visual sign of biomass 
. degradation and no change in physical characteristics after 2 hours. No apparent reaction. 

In summary, the only material evaluated in the laboratory that was successful was calcium hypochlorite. 

However, this material must be given further consideration before being used for further treatability studies 

or remediation because of the production of precipitate. Chlorine dioxide was somewhat successful: 

however, this material is not appropriate for further testing in the laboratory for the following reasons: 

1. The method of addition is by adding the material in a liquid form by using an activator, which 

requires additional tap water. The concentration is limited by the solubility of chlorine dioxide 

in water (0.3 percent). This requires the addition of significant quantities of water to approach 

the required oxidant concentration. 

Although chlorine dioxide does not appear appropriate for the laboratory, it is readily applicable for 

remediation. Gas generation can be produced under controlled conditions, which are both safe and 

practical. 

Chlorine gas is another oxidant that can be utilized safely in the field but has limitations in the laboratory 

similar to those of chlorine dioxide. 



...l... .,.-- 

Ozone is a third oxidant which can be safely produced in the field under controlled conditions. Unlike 

chlorine gas and chlorine dioxide, ozone can be safely produced in the laboratory using a laboratory-scale 

generator. Operations must be conducted in a hood to avoid exposure to laboratory personnel. 

3.4 SETTLING TESTS 

Two different tests were conducted to determine the settling and thickening characteristics of the sludges 

from the Solar Ponds. These tests were conducted to determine if the area required for sludge clarification 

or the area required for sludge thickening was the limiting fador for sizing a clarifier. 

3.4.1 WSett&y~&@- 
. .  

The bulk settling rate tests indicate that the 'as received" sludge settled very slowly and was not at a rate 

acceptable for a full-scale remediation system. To enhance the settling rate the sludge was chlorinated 

with calcium hypochlorite andor flocculated with polymer (Betz 3360). 

The results of these tests indicated that addition of calcium hypochlorite was necessary to improve settling 

characteristics. However, in some instances, the sludge from Ponds 207 BN and BS tended to float 

following chlorination and polymer addition. This phenomenon appeared to be a result of gases, generated 

during the.oxidation reactions, entrained in the .floc._....-....-.-.. ... ._.___._l_....L__. .....-.-.. .... ... . _ _ .  ... ,_ 

The addition of polymer improved settling characteristics of the nonchlorinated sludge and the chlorinated 

sludge. In all cases the chlorinated sludge with polymer addition produced the best settling characteristics. 

The pond sludge that settled at the slowest rate was 207 BN. The bulk settling rate was determined to be 

18.32 Whr which is equivalent to a design overflow rate of 1645 gawday. Based on the design flowrate 

of 315 gpm from the cydone to a clariftcation unit, the clarification area required is 276 f?. This area is 

equivalent to a 20 ft diameter clarification unit or an inclined plate separator with the approximate 

dimensions of 19x 17'x 9'(H x L x w). 
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3.4.2 ll&&mhp Tesa 1 

The thickening tests were conducted to determine the area required to produce a more concentrated 

sludge. Tests were conducted on sludge that was chlorinated with calcium hypochlorite and flocculated 

with cationic polymer. The results from the thickening tests indicated that significantly more area was 

required to thicken the sludge as compared to clarification. 

The sludge from Pond 207 BN required the largest area for thickening. The area was determined to be 

approximately 11,255 f?. A thickener with a diameter of 120 ft would be required to thicken 207 BN sludge 

at a flow rate of 315 gpm, or 5 inclined plate separators, each with approximate dimensions of 

21'x 22'x 13', would be required. This is a relatively large area and is not practical because of space 

limitations. 

3.5 SLUDGE DEWATERlNG TESTS 

The dewatering tests determined that the sludge cannot be dewatered "as is" without treatment to improve 

the physical characteristics. The sludge from all of the Solar Ponds contain a significant amount of fine 

particles similar in size to silt and clay material. Typically, clay-like material is somewhat difficult to dewater. 

In addition, the presence of sewage appears to have enhanced biological activity in the ponds, which also 

causes difficulties when dewatering this type of a sludge. The difficulties encountered when attempting to 

dewater the sludge may be a result of the fine particles becoming surrounded by biomass, which results 

in a matrix that blinds itseK during pressure filtration. 

. .  - -  I -_ - - __ .  , 1 I .  - _ _  -__---I ~ - 

I 
I 

The test results suggest that all of the sludges are similar in nature with regard to dewaterability. 

Additionally, the results indicate that tests conducted using the Buchner funnel, Denver Piston Press, and 

the Larox unit provide similar conclusions (i.e., a sludge mixed with a particular additive will or will not be 

dewaterable on all three devices). Because of these observations, the following discussion will be generic 

in nature with regard to specific pond sludge and the device on which the sludge was tested. 



Upon determining that the sludge was not dewaterable "as is," various materials were mixed with the 

sludge in an attempt to improve the dewaterability of the sludge. The first additive tried was Type C 

Flyash. This was added as a bulking agent, to improve the drainage of free water and to prevent the 

sludge from binding. At a dosage of 20 percent dty weight of the sludge, dewatering was unsuccessful. 

Several other bulking agents were mixed with the sludge such as diatomaceous earth and sand. Neither 

of these additives were successful in improving the dewaterability of the sludge. 

Cationic polymer was added to the sludge to improve the dewaterability by forming flocs. The polymer 

successfully formed flocs, .resulting in significant'amounts of visible free water in the sludge. When the 

flocced material was dewatered, it compressed and blinded, thereby preventing the free water from 

draining. Polymer addition was also tried in combination with the addition of lime to a pH of 9.5. This test 

indicated a slight improvement when compared to the test with only polymer added but still was not 

considered successful . 

__i B 

. .  I ._..... .._. 

A dewatering test was conducted with lime addition to pH of I 1  after a reaction time of 1.5 hours. This 

test provided results that indicated the sludge was dewaterable without the addition of flyash and cement 

but at one half the optimum dewatering rate. Tests were also conducted with limelflyash mixed with sludge 

and cement/lime mixed with sludge. Both mixtures indicated that the sludge could be successfully 

dewatered with these additives. The optimum mixture appeared to be lime/flyash/cement when mixed with 

sludge. In all of the latter tests lime was added to a pH of approximately 12. For the optimum mixture, 

the approximate quantities of sludge and.additives are as follows (on a dry weight basis): 
. . ...... ,.-.- .... -.. ... . . ..-. .....- ..I ..... .... .. .... -_ . . . .  .. ^ _.... ._.'. ,. _._...... ~ ..,. ~ 

.... . 

0 Sludge at 35 percent solids = 2000 Ibs. 

Hydrated lime = 96 Ibs. 

Type' C flyash = 1307 Ibs. 

0 Cement = 673 Ibs 

Another test was conducted which proved to be moderately successful. During this test, sludge was first 

oxidized with chlorine dioxide then lime was added to a pH of 10. 
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The common factor in ail of the tests which were successful, or demonstrated that the sludge could be 

dewatered, was the addition of lime. Improvement was enhanced by the addition of flyash and/or cement 

following the addition of lime. 

‘) 

3.5.1 m e n t  F v  

This section summarizes the equipment required to process 10 tons per hour of dry solids based on 

laboratory tests. These equipment sizes are based on the testing conducted by each vendor and vary 

substantially because the testing was significantly more successful during the Larox testing. The success 

of the Larox unit was a result of extensive testing on a Buchner funnel to determine the optimum additives I 

, .  
and the quantity of material to be added to allow successful tiltration. 

The most successful test conducted by Denver Equipment was on Pond 207 BC sludge with the addition 

of lime and cement. Based on this test, Denver Equipment indicated that twelve %meter, 500-series tube 

presses would be required to process 10 ton of dry solids per hour (See Denver Equipment Test Report 

in Appendix 6). 

The most successful test conducted by Larox was with. the addition of -2-- lime, flyash, and cement __L_ at the 

quantities mentioned previously. This mixture was used for all three pond sludges with similar success. 

Based on these results, Larox indicated that a cyde time of 11 minutes would result in a filter cake with 

70 percent solids at a capacity of 42.0 Ib&-hour. This rate would require two Larox PFl9 filter presses 
.... ..-.. - -..._..- . . _ . .  ;. . ....-., . -  ~ .... ~ _,... .. _.,__.... ...,. ~ ...,. . . .. I ._ . . . . _.-_ ..... ~ ... .. .& - .. 

3.5.2. I%Ip Res- 

TCLP metals analysis was conducted for each pond sludge after dewatering with the Larox pressure filter 

using the optimum admixture formulation. The formulation consisted of lime, cement, and flyash. The 

metals results shown in Table 2-9 are compared to the constituents of RCRA characteristic wastes for 

toxiaty and to the Land Disposal Restriction (LDR) values for the metal constituents of F006, F007, and 

FOO9. The results indicate that all values are less than the regulatory values. The sludges were not 

I 

I 
I 
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analyzed for nickel but should not be present at levels above regulatory values because the solubility of 

nickel is at a minimum at pH 10.5. The pH value of the TCLP leach is approximately 11.4, which suggests 

that nickel will not be soluble in the leachate solution. 

3.6 BELT FILTER PRESS TESTING 

The belt filter press testing proved to be successful. The percent solids achieved in laboratory testing (28.6 

percent to 36.0 percent) is considered to be relatively high for belt presses and should increase when the 

sludge is dewatered on an actual belt press. 

A significant observation was made during the testing. The sludge cake at approximately 30 to 35 percent 

solids did not appear pumpable and must be handled as a d i d .  The sludge cake appearance is different 

than that of the combined sludge which was used for the pressure filtration testing, even though the percent 

solids were similar. It is believed that sludges used for the pressure filtration tests were pumpable and 

could be handled as a slurry. 

”... 

The observation that the sludge cake from the filter press is not pumpable has significant consequences 

regarding the placement of the dewatered sludge cake into one of the B Ponds for temporary storage. No 

acceptable methods of extracting the sludge from the ponds exist because the material can not be pumped. 

Other methods would be required to remove sludge from the pond or other methods of temporary storage 

would be required. Additionally, because the sludge is not considered pumpable, belt press dewatering 

may not be compatible with pressure filtration because of the inability to fill the Larox unit by pumping. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on the results from testing to date, this section will provide conclusions and recommendations for 

future treatability study work. 

4.1 SLUDGE THICKENING 

Sludge thickening tests were conducted on the minus 325 mesh material that had been hand-sieved to 

simulate the particle separation to be accomplished by the hydrocydone. The minus 325 mesh material 

was estimated to exit the hydrocydone at 3 to 5 percent solids, therefore, requiring thickening prior to being 

recombined with the plus 325 mesh material. Both sizes would be recombined prior to pressure filtration. 

After the completion of the testing, a decision was made to eliminate the hydrocydone since it may not 

work properly due to the nature of the sludge. As a result of eliminating the hydrocydone, the thickening 

test results are no longer applicable to this design. However, the data is useful to provide information 

pertaining to physical characteristics of the sludge. 

The following conclusions summarize the sludge dewatering tests: 

.,. ”_ ~ ...___. ._ . ...... ..... ., _ _  ..._. .._._ ̂. I ,_.._._ ..., ~ -... .C_._... . :. ~ .- - _.-. -.. ....-.-- .... . .. .-- . . 

The minus 325 mesh sludge settled at a quicker rate after chlorination with 65 percent 

The minus 325 mesh sludge flocculated better after chlorination with 65 percent calcium 

calcium hypochlorite. 

0 

hypochlorite., 

e A Betz cationic polymer (3360) was found to be an effective flocculating agent for Ponds 

207 A, BN, BC, and 6s. The optimum dosage for flocculation ranged between 50 and 100 

ppm (2.23 to 4.00 pounds of neat polymer per 1000 pounds of dry solids). 

b The percent solids after settling for approximately 4 hours approached the densities in the 

ponds and ranged from 9 to 21 percent. 
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The sludge required a larger surface area for thickening when compared to clarification. 

The limiting pond for each parameter was 207 BN. The area needed for clarification is 

. 275 f? and for thickening is 11,255 f?. 

4.2 CHLORINATION TESTS 

Oxidation of the sludge with 65 percent calcium hypochlorite was beneficial for sludge handling as well as 

disinfection of the sludge for pathogens likely to be present from dumping of sewage into the ponds. Of 

the chlorinating agents tested in the laboratory, calcium hypochlorite is the most practical for disinfecting 

the sludge. The following conclusions summarize the chlorination testing: 
. ,  

b Calcium hypochlorite (65 percent purity) dosages ranged from 40 to 130 pounds per 1000 

The addition of calcium hypochlorite to pond water generates a precipitate, which is 

pounds of dry solids. 

b 

approximately 3 percent by weight of the water. c 

4.3 PRESSURE FILTRATION DEWATERING TESTS 

The pressure dewatering test results are not signhantly affected by the decision to eliminate the 

- . .-.___ - hydrocylone; however, this data should be _qualified-somewhat .-_- The recombination- of-plus-325 mesh __ - 
material with minus 325 mesh material was done at a ratio of approximately 1 .O to 0.4, respectively. The 

sludge contains a larger quantity of minus 325 mesh material compared to the plus 325 mesh material, at 

a ratio of approximately 4 to 1. The presence of this additional amount of fine-grained material may have 

adverse effects on the filtration rates. Additionally, the pressure filtration tests were conducted with sludge 

with an initial percent solids of approximately 35 percent, which must be duplicated by equipment other than 

the hydrocydone and the clarifier. The following conclusions summarize the pressure filtration tests: 

. 

The "as is" sludge is not amenable to pressure filtration because the sludge blinds on itself. 

The addition of lime improves the filtration rate of sludges. b 
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The addition of flyash and cement, following pH adjustment with lime, improves the 

The optimum dewatering formulation included the addition of lime to a pH of 12, followed 

The optimum dewatering formulation also successfully achieved the LDR requirements for 

filtration rate. 

by the addition of Type C flyash and cement in a 1:l:OS ratio of dry so1ids:flyash:cement. 

F006, F007, FOO9, and the TCLP requirements for the characteristic of toxiaty. 

4.4 BELT FILTER PRESS TESTING 

The belt filter press testing was conducted'to answer the question of whether this type of filtration is a 

viable option for dewatering. The following conclusions summarize the results of belt filter press testing: 

The solar pond sludges can be dewatered effectively with a belt filter press to percent 

solids ranging from 30 to 35 percent. 

0 The filter cake from the belt filter press does not appear to be pumpable. This means that 

the cake must be handled as a solid instead of a slurry. 

4.5 RECOMMENDATIONS FOR FUTURE TREATABlLlM STUDY WORK 

I I Based on the-results .of the preliminary treatability study- testing to date, and the characterization data " _ -_  

summarized in the Waste Characterization Report (HALLIBURTON NUS 1991), recommendations for future 

treatability work are as follows: 

Based on characterization data, Pond 207 C and the Clarifier contents will require oxidation to treat cyanide 

and possibly tetrachloroethene. These contaminants require treatment so the waste will meet the LDR 

requirements necessary for acceptance at the Nevada Test Site. The sludge from 207 A and the B series 

ponds will likely require treatment to disinfect the material, thus killing pathogens as required by the Nevada 

Test Site (NVO-325, 1991). The existing data also suggests that sludge handling is improved (i.e., settling 

and dewatering activities) following oxidation. 

P 
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'1 It is recommended that the oxidation be pursued with ozone first, because of the ease of generating ozone 

in the laboratory. If ozone is not successful, then calcium hypochlorite should be tried. If calcium 

hypochlorite is successful, the dosage can be converted to a dosage for chlorine gas or chlorine dioxide 

I - -  

I '  

for remediation. 

After completion of the oxidation testing, sludge dewatering will require further evaluation. Design 

parameters for a belt filter press should be determined by a vendor conducting tests in the Pittsburgh 

laboratory. Concurrently, Larox-should return to the laboratory to determine if pressure filtration is 

compatible .with sludge from the belt filter press. Tests evaluating lime, cement, and flyash are still 

necessary to produce a filter cake at approximately 60 percent solids with the pressure filter. If these 

materials are still required, then factorial experiments should be conducted to evaluate the appropriate 

operating range for the successful formula used on the Larox pressure filter. Testing would then continue 

with a similar approach as described in the Treatability Study Work Plan for durability and LDR 

requirements. 

d b  3 At the conclusion of the dewatering tests, factorial experiments should begin on the cement formulation. 

If pressure filtration is not a viable option, cement formation testing should begin at the percent solids 

obtained by the belt press and should follow Phase I as described in the existing work plan 

(HALLIBURTON NUS, 1991). The initial center point of the factorial experiment should begin with the 

formulation developed for the pressure filtration tests. .Testing would continue as described in the work - 

plan. It is believed that a successful formulation will be developed quickly based successful results from 

the TCLP data from the pressure filtration filter cake. 

. -  - _ _  __ - 

Testing for the clarifier and 207 C will be conducted in a similar fashion as described in the work plan. 

Input from work conducted at the HALLIBURTON Senrices Laboratory in DunCan, Oklahoma, may result 
~ 

I 

in some modifications to the scope and possibly reduce requirements for the testing in Pittsburgh, 

Pennsylvania. 
I 
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'-7 - 0 

7 -Is 
-7 -30 
7-4s 
8 -0 
24-0 

w 
397 5 
395 
342 5 
392 5 
3 4 0  
3 4 0  
390 
367 * 5 
3- 
305 
385 
'370 
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0 - 0  
0- 3- 
0 -  2 
c - 5  
0 -10 
0 -  is 
0 - 3 C  

. .- 

3 -4s 
4-0 
4- i.5 
4-30 
4 -45 
5-0 

.365 
3 a  
355 
350 
345 
340 
335 
330 
330 
325 
320 

59s 

.3 = 

IS 
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5-3s 
5 -4s 
6 - 0  
6- 5 5  
6-3C 
6-45 
7-0 
7-3,s 
7 -3Ls 
7-45 
0 -0. 

H-0 

3'15 

'3\ z .s 
Si C 
3 i C  
3us 
3as 
302 

29 7 
29s 
24-5 

24-0 

-.- 

207A 
.. . _.. ~. . .. . _.. .. - . . _. ._' -.* 
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0 - \s 
0-3G = 

0-45 
1-0 
1-15 
I -3c 

-2-0 
24 5 
2-3c 
2-45 

- .-_ 3-0 
3-1 5 
3-3G 
3-4s 
4-0 
4-15 
4-3G 
4-+5 
5 -0 
s-I s 
5-3c 
5-4s 

J I45 
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This repoyt is for the piston press tests conducted in 
Pittsburgh on Rocky Flats pond sludge. 

INTRODUCTION 

Piston press tests were conducted in Pittsburgh on October 22 
and 23, 1991. Four samples of Rocky Flats pond waste material 
Were available for testing. 
Ninesteel, Tom Sinare, and Mike Speranza of Halliburton NUS, 
Pittsburgh, and Karen Talbert of Brown 61 Root, Houston, .were . 
present on October 22. 
Houston, joined the group on October 23, 1991. 

Tom Sunders from DECO, Rich 

Wayne Henderson of Brown & Root, 

'> 
The samples as tested were chlorinated sludge with the 
consistency of pudding. Each of the samples contained 
entrained gas, possibly as a- result of the chlorination, or as 
entrained air. 

The test objectives for the piston press tests were: 

Obtain filter cakes containing 50 to 6 0 %  

Determine filter rates at high pressures 
Obtain cost effective filter rates to 

solids from each of the sources 

_ _  _ _ ~  

filter 10 ton/hour 
Investigate filter cake characteristics 

T e s t  schemes which were discussed or attempted include: 

Filtration as received 

Addition of a flocculent, Betz 3360 
Ultrasonic pretreatment 

I pH adjustment with lime 

.. ., .- I ~ ..... . _ _  _, .,.. ~. _. . ,.., .. .--.Addition-.of..,fl;y-ash .as a....filter aid... L .  % .. 

L Addition of.diatomaceous earth and fine 
silica as filter aids 

Cement addition 
Addition of lime and cement. 

I 
i 

Centrifuging the material followed by Holo-flitem drying was 
discussed. Vacuum filtration, specifically with pan or belt 
filters, was also discussed. 

1 
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RECOMMENDATIONS 

The gelatin consistency of the feed material to the Piston 
Press was not anticipated. Typical feed to a Tube Press is a 
low viscosity slurry greater than 20% solids, which will fill 
easily through 5mm feed holes. Conditioning of the feed will 
be required as proven by the successful test tlJ*' to which lime 
and cement were both added to the feed sample. 

In preapplication work for the Tube Press, a trials test is 
generally run which is a small Tube Press to further verify 
the operation under plant conditions. Due to the nature of 
this application, such testing is not feasible. Because of 
this, conservative sizing of Tube should be undertaken to 
guarantee that enough capacity is available to filter all 
material required. 

Consistency of feed is also-important with the Tube Press. 
Due to the nature of the ponds being reclaimed, it is 

. anticipated that the feed will not be consistent. Therefore, 
additional tests should be conducted. Samples drawn from 
different parts of the ponds should be tested with the Piston 
Press using the best method of conditioning to obtain the 
longest filter time required. The sizing of equipment should 
be based on this sample. 

Spare Tubes should also be included in the design so that when 
maintenance is required on one Tube, it can be shut down and 
spare Tubes be put into operation. 

DENVER EQUIPMENT COMPANY can make available the Piston Press 
for Halliburton NUS to conduct additional tests on their own. 

Based on-the success of -this test-with the addition o-f ._ cement, .... ._ ~- 
a review of the process flow diagram should be undertaken to 
verify the initial selection of the equipment. It may be 
possible to take discharge product from the Tube and put it 
directly into a containment vessel that could allow 
compression of the slurry which will harden into a block. 
This process, would eliminate the need for cementing process 
downstream from the filters. 

-I_. 

OBSERVATIONS 

Test objectives were met in only one case. Adequate filter 
rates were obtained after dilution, 1:l with water, pH 
adjustment with lime, and addition of cement, i : 3  cement to 
solids. 
content of 2 5 % ,  much lower than the 4 0  to 50% target. A 
filter rate of 1650 lb/hour observed during this test would 

T h i s  last test produced a filter cake with a moisture 
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require 12 tube presses to treat the projected 10 tons/hour. 
Filter rates were very slow on untreated material. Most of 
the time in Pittsburgh was spent in attempting various methods 
of improving this rate. Eventually a combination of dilution, 
addition of lime to raise the pH, and the addition of type 11 
cement was successful in producing reasonable filtration 
rates. 

The piston press filter cake with the addition of lime and 
cement was compact and brittle enough to readily discharge 
from a tube press. 

DISCUSSION 

The piston press test runs were conducted by preparing a 
slurry and filtering it at pressure in a piston press. Data 
collected included: 

Filtration rate 
Filtration time 
Filtrate volume 
Sample temperature 
Sample PH 
Filter cake thickness 
Filter pressure 
Material moisture in/out 

Filtrate quality was evaluated, and filter cake 
characteristics were noted. 

Moisture analyses was conducted by NUS personnel. 

- - - - -. Ten-tests were conducted. Most were aborted before completion 
_ .  due to extreme-ly slow filter rates. -Two tests,-E-and-J, were 

completed and the test data sheets are included at the end of 
this report. Table 1 summarizes the test schedule. 

3 
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Table 1: T e s t  Schedule 

1500 20% add on Whatman 4 1  
Fly Ash paper 

II 

207B 
North 

South 
207B 

- 
C 

Polymer 

1500 

1500 

- 
D 

207B 
Center 

F 

1500 .25 gm/liter 
B e t z  3360 

G - 
H 

I 

J 

207A 1 1500 .I Betz 3 3 6 0  I Cationic 

207B 1500 Dilute 50 t o  
Center 200 with 

water 

207B 100 Dilute  200 t o  
Center 500 400 ml add 4 

1000 ml 1% Betz  

water 
5 ( v o ~ )  Lime 
2 0  (vol) 

- 

Jltrasonic 
rreatment 

Ramp 
Pressure 
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When using piston press test results to predict the 
performance and to size tube filter presses, the following 
points should be noted: 

1. 

2. 

3 .  

. .  . . .  

4. 

Tube presses are Currently Supplied in 
standard lengths of 1.8 meters, 
meters, and 3.0 meters. 
of these sized are as follows: 

2.4 
The areas of each 

1.8 meter 0.84 m2 
2.4 meter 1.15 m2 
3.0 meter 3.75 m2 

Maximum operating pressure for the tube 
presses are as follows: . 

1.8 m 200 series 
2.4 m 200 series 
3.0 m 500 series 

2000 psi 
2000 psi 
1500 psi 

Turn around time, t,, includes the slurry 
filling period, cake compression period at 
the end of filtration, and the cake 
discharge period. It is suggested that a 
value of 120 seconds is used if no better 
data is available. 

The following limits are suggested when 
making output rate predictions: 

Cake thickness 

Cycle time 

2 cm max 
0.3 - 0 . 5  cm min 

4 minutes min 
. .  .,., .-*_ ..... ... . . .- .. . '-..----I .- . .-.:- 

..-.. -~'--.-con-tent.s ...._ at-,.-any.- 
,_ , . ~  ,, ~ l , _ _ , , , I _ , ,  - ,_,. 5 .  Filter' cake moisture 

specific pressure usually agree within 1%' 
between the piston press and the tube 
press. 
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F i l t e r  Press Tests 

EQUIPMENT DESCRZPTION - 

The piston press is a device for measuring the filtration 
characteristics of suspensions at pressures up to 345 bar 
(5016 psi). 

The apparatus consists of a machined cylinder made of mild 
steel, with internal dimensions 0.2 meters (7.874 inches) long 
X 0.0763 m (3 inches) diameter. The bore is chromium plated 
and ground to true dimensions. One end contains an hydraulic 
port. The other end is threaded and the end cap is held in 
place by a threaded collar. Inside the cylinder is a free 
piston- sealed by - l o @ -  rings. The -end cap. is sealed by a flat _ _  
rubber ring which also retains the filter cloth. The filter 
cloth is supported by a backing cloth on a perforated plate 
which conducts the filtrate to a central drain port. The- 
press is mounted on an axle which allows rotation in the 
vertical plane. 
in either vertical position. 

Hydraulic pressure is supplied by an air driven ram pump fed 
from the building water line. The ram is driven by compressed 
air at approximately 90 psi. The pressurized water is fed to 
the press through a manifold containing a relief valve, a 
gauge, and a flexible hydraulic hose to deliver pressure to 
the test unit. 

Locking pins are used to stabilize the press 

6 
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TEST UNIT SPECIFICATIONS 

Pis ton  Press 

Size of unit 

Material contact parts 

Sample volume (Maximum) 

3 inch diameter 

Mild steel piston 
Chromed cylinder 

5 0 0  cc 

7 
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Date 10/23/91 
Customer Operating T e s t  Run 
Condit ions 

Deriver Charlestown P i s t o n  Press 
Ha l l ibu r ton  NUS E 

Psig  P res su re  
sample 207B North 

Pulp Dens 

Pulp S o l i d s  
gm/cc S o l i d s  Densi ty  2.410 p / C C  

30 8 .  

Tested by: Deg F Feed Temp 
THS 0.0094 cp F i l t r a t e  Vi scos i ty  

10.00 d ry  t p h  Feed R a t e  
240 dry  t p d  Feed  R a t e  

TIME VOLUME 1500 ps ig  
( C C )  

F i l t e r  Pressure  

Pulp Volume 
Pulp Densi ty  
Pulp Sol ids  
pulp  Temperature 
Pulp pH 

F i l t r a t e  Volume 
F i l t r a t e  Density 
F i l t r a t e  Vi scos i ty  
F i l t r a t e  C l a r i t y  

F i l t e r  Cake Thickness 
F i l t e r  Cake Moisture 
F i l t e r  Cake Density 
F i l t e r  Cake Volume 
F i l t e r  Cake Q u a l i t y  
F i l t e r  Cake Wet Weight 
F i l t e r  Cake Dry Weight 

T o t a l  F i l t r a t i o n  T i n e  

450 ml 
1.2000 gm/cc 
31.80 % s o l i d s  

73 deg F 
7.0 

260 m l  
1.0000 g m / m l  
0.9375 Cp cloudy mg/ l i t e r  

0.750 inches  
21.90 % 

86.87 CC 

140.68 gm 
109.87 gm 

1.6193 p / C C  

f i b r o u e  not  complete 

6600 sec 

10 
30 
60 
120 
180 
240 59 
300 66 
360 72 
480 82 
540 86 
600 90 
900 108 
1110 118 
1200 122 
1500 136 
1800 146 
6600 260 

16 
26 
34 

5 2  
50 

* Optimum rates are reported f o r  cake th i ckneesee  between t h e  
upper l i m i t  of 2 c m  f o r  e f f i c i e n t  d i scha rge  from t h e  t u b e  p r e s s r  
and t h e  lower l i m i t  of 0.3 c m  for  e f f i c i e n t  cake release from t h e  
c l o t h .  _. 

t ube  p r e s s  if t h e  cake t h i c k n e s s  does no t  exceed 2 cm. 
Rates are ad jus t ed  f o r  f i l l  volume e q u i v a l e n t  t o  500 cc i n  t h e  

.. . 
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Date 10/23/91 Denver Charleatown Pis ton  Press  
Halliburton NUS 

Customer Operating T e s t  Run J 
Conditions 

100 Sample 207 Center 
100 Water 1 gm/= Pulp Dens 
5 Lime 2.410 g m / C C  Sol ids  Density 
20 Type I? Cement 17 0 Pulp Sol ids  

1500 psig Pressure 

Tested by: 
THS, 

Deg F Feed Temp 
0.0094 cp F i l t r a t e  Viacoeity 

10.00 dry tph Feed Rate 
240 dry tpd Feed R a t e  

F i l t e r  Preeaute 1500 paig TIME VOLUME 

Pulp Volume 
P u l p  Density 
Pulp Sol ids  
Pulp Temperature 
P u l p  pH 

F i l t r a t e  Volume 
F i l t r a t e  Denaity 
F i l t r a t e  Viscos i ty  
F i l t r a t e  C l a r i t y  

I '  F i l t e r  Cake Thicknesa 
F i l t e r  Cake Moisture 
F i l t e r  Cake Density 
F i l t e r  Cake volume 
F i l t e r  Cake Qual i ty  
F i l t e r  Cake W e t  Weight 
F i l t e r  Cake Dry Weight 

To ta l  F i l t r a t i o n  Time 

225 
1 . 0 7 5 0 -  
16.55 

73. 
12.0 

174 
1.0000 
0.9375 

? 

0.156 
23.58 
2.1987 
18.07 

f ibroue 
39.73 
30.36 

90 

ml 

0 solids 
deg F 

gm/= 

Kll 

CP 
mg / 1 iter 

inches 
b 

cc 

g m m  

gmlcc 

P 
gm 

sec 

.( Bec) ' 

5 
10 
15 
25 
30 
50 
60 
75 
90 

( C C )  

50 
70 
84 
100 
110 
140 
154 
170 
172 

-----------_------_--~-~--~-------------~--~--~-------------~~----~-------~--~ 
Tube Press Filter Rates ' 

3 m 500 a e r i e s  tube p r e s s  r a t e  _- - , ..- . - - ...... . - I. ... ~.-. .. .__,__..̂ ..ll.,l.. ~ --.- ..__ ~ . ,..,.. .. 7 4 9 .  k g / h  
1651" #/hr  

12 3 meter 500 series tubes requi red  

u p p e r  l i m i t  of 2 cm fo r  e f f i c i e n t  diacharge from t h e  tube  p r e s s ,  
and t h e  lower l i m i t  of 0.3 cm for e f f i c i e n t  cake release from t h e  . 
c lo th .  

Rates are 'adjueted for fill volume equivalent  to.50.0 cc i n  t h e  
tube  press  if t h e  cake thickness does n o t  exceed 2 cm. 

Optimum rates are reporrted f o r  cake thickneesea between t h e  

9 



APPENDIX C 

BULK SEITLING RATE AND THICKENING TEST DATA 
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